INTRODUCTION
Coherent digital sweep oscillators in which both the frequency and phase of the sweep signal arc specified for all time are essential elements in many applications. They are used for target velocity estimation [I] , tirnc-dclay spectrometry for calibration of ultrasonic transducers [2] , phase coding of sweep signals in communication applications, system characterization, radar, sonar, acoustic digital imaging, and the determination of system response with network analyzers [3] [4] [5] .
There are few methods to generate coherent sweep signals. Coherent sweep signals can be generated by storing the samples of a predetermined sweep signal in a high speed digital memory and then reading the samples at appropriate time intervals. The limitation of this method is the time-bandwidth product. Other methods are limited by the maximum attainable frequency.
A new method for the generation of digital sweep signals was proposed by Pedersen [5] . His approach is based on real time digital evaluation of the phase of the desired sweep signal and then reading its value from a LUT. The total phase of the sweep signal is quadratic and, therefore, two integrators connected in series must be used to generate the total phase. The oscillator was implemented using a TTL logic circuit for which the sweep rate is determined by the parallel shifter on the address lines. By shifting the value of the total phase p bits to the left, the least significant p bits are discarded and the next K bits of the accumulator are used as an address pointer to the LUT.
Pedersen sweep oscillator has sweep rates that can be varied in steps of two only and both its start frequency and start phase can be preset with integer values only. Moreover, its main disadvantage is the high level of spurious harmonic distortion due to the fact that the least significant p bits are discarded [6] [7] [8] . A sweep oscillator was reported in [9] in which fractional addressing was utilized to reduce the level of spurious harmonic distortion. In fact the sweep oscillator in [9] exhibits the advantage of fine sweep rates as compared with that of Pedersen oscillator. Another sweep oscillator in which fractional addressing is utilized was reported in [10] . The major disadvantage of the digital sweep oscillator in [10] is that it requires the implementation of two independent Pcdcrsen sweep oscillators and then evaluating the phase difference between the two generated sweep signals. The hardware requirements, therefore, make its implementation costly.
In this paper, we propose a novel technique to efficiently achieve extremely low sweep rates and at the same time reduce the spurious harmonic distortion associated with fractional addressing of the LUT. The proposed technique has the advantage of increased sweep resolution and reduced spurious harmonic distortion over all sweep oscillators reported in the literature and its hardware implementation is much simpler than the sweep oscillator in [10] . The proposed technique, P1, is based on partitioning the address register bits into three sets, namely the most significant N bits, the next N bits, and finally the least significant NF2 bits. The contents of the N, NF, and Ny2 bits are used to address five separate LUTs as described in the sequel shortly. The resulting effective LUT length is 2 Nt+Nv+lq2 while the actually needed LUT length is 2 + 2 N+ + 2N2+.
In Section 2, we present a review of the relevant sweep oscillators. In Section 3, the proposed technique is presented and analyzed. Simulation results are presented and discussed in Section 4. Finally, the paper is concluded in Section 5.
REVIEW OF PREVIOUS SWEEP OSCILLATORS
Coherent sweep signals can be generated [5] by performing real-time evaluation of the phase of a linearly swept signal, then the extraction of mod 2r from the total phase, and the generation of sine or cosine swept signals by means of LUT. The error sequence e(A0,/, F) was analyzed in [7, 8] To avoid the distortion due to temporal quantization error, e(A0,1, F), L must be greater than 27= 131072 which is obviously a formidable memory size. It should be noted that for a specified LUT length, the sweep rate of Pedersen sweep oscillator can be set at any desired extremely small value by simple adjustment ofp at the price ofincreased harmonic distortion. Consequently, interpolation methods [9] were used to reduce the amount of spurious harmonic distortion while maintaining low sweep rates or equivalently large effective LUT length.
Recently, a sweep oscillator that utilises two independent digital sweep oscillators that are identical to Pedersen oscillator was reported in [10] . Both sweep oscillators in [10] employ the trigonometric interpolation method presented in [6] . The trigonometric interpolation method can be summarized as follows:
The implementation of Eq. (8) Table I illustrates the saving in total LUT length achieved by using the proposed scheme over that used in [10] for some typical values of LUT lengths. It should be noted that the sweep oscillator in [10] This is certainly a direct consequence of the efficient increase in the LUT length.
SIMULATION RESULTS
The Pedersen sweep oscillator, the oscillator in [10] , and the proposed oscillator are all simulated using a MATLAB program. The simulation results are obtained assuming a sixteen-bit word length for all arithmetic operations. The program also evaluates the samples of the ideal system. The spectra of the ideal and all other generated samples are also evaluated assuming that the system uses ftk=8OMHz. We assume that Pedersen sweep oscillator uses a LUT of length L=4096 (K= 12 bits). However, the proposed sweep oscillator and the sweep oscillator in [10] are allowed to use a total LUT of length less than or equal to 128. For the sweep oscillator in [10] It is evident from Figures 11-13 
